Summarize the literature on the social skills and relationships of women with Turner syndrome and examine the biological and psychological factors that may contribute to social interaction difficulties.
INTRODUCTION
Turner syndrome (45, X) is a common sex chromosome aneuploidy, affecting 1 in 2500 female births [1] . Turner syndrome is caused by the partial or complete loss of one X chromosome in females. In approximately 70% of cases the chromosomal loss is caused by paternal nondisjunction [2] , and the intact X is of maternal origin. The complete loss of one X chromosome (monosomy) affects approximately 45% [3] . The other 55% have structural anomalies of one X chromosome, usually associated with cellular mosaicisms [3,4 && ]. Turner syndrome is associated with a wide range of physical health concerns that require clinical monitoring across the lifespan, including short stature, impaired hearing, infertility, cardiac abnormalities, diabetes and disorders of thyroid function [4 && ] as well as challenges to psychological wellbeing. From early childhood, girls with Turner syndrome experience an excess of behavioural, emotional and social difficulties compared with typical girls of the same age [5] . These include traits of anxiety and depression, low self-esteem and, in particular, less good social interaction skills [6] [7] [8] [9] [10] [11] [12] [13] .
SOCIAL SKILLS
'Social skills' are usually defined as the successful performance of age-appropriate behaviours in social contexts [14] [15] [16] . We need such skills to attain and to maintain good psychosocial adjustment; deficits in social skills have a significant negative impact on academic, adaptive and psychological functioning [17] [18] [19] [20] . In order to support social skills effectively, and to design interventions that work, operationalizing a formal measure of good social skills is necessary. Unfortunately, the construct remains poorly defined and for that reason, among others, it is difficult objectively to assess. Individuals who are lacking social skills are likely to suffer rejection, isolation and the inability to sustain intimate relationships. Planning a therapeutic intervention to ameliorate the secondary consequences of low social competence requires: first, some understanding of the origins of the social skill deficit; second, the ability to characterize objectively the specific deficits that have led to a failure of appropriate social integration.
Helpful distinctions to make when designing a therapeutic intervention include the following: first, whether the lack of social skills represents an acquisition deficit, in which age-appropriate skills have not been learned or acquired [21] ; second, whether, insofar as there is no acquisition deficit, the affected individual suffers from a performance deficit. If there is a primary performance deficit, the affected individual is failing to perform previously learned social skills appropriately.
Social interaction challenges in Turner syndrome have been reported since the first studies of psychological wellbeing and psychosocial function, over 30 years ago (Table 1) . In childhood, this information is provided by parental report, from measures of social withdrawal and other social problems [22] . On the basis of such reports, social adjustment is found to be significantly worse in girls with Turner syndrome not only in comparison with typically developing females [7, 8, 23, 24] , but also those with short stature [8, 25, 26] . Not all are affected; one in four does not have serious difficulties [7] .
Despite the magnitude of the chromosomal disorder, most females with Turner syndrome have verbal intelligence within the normal range; their social difficulties do not derive from generalized intellectual disability. Social knowledge appears to be acquired normally until social demands exceed their capacity to perform at an age-appropriate level. Many affected females consciously attempt to compensate for their social performance deficits [11] . Peer relationships are not usually a concern during early and middle childhood (7-13 years) [7] . The most significant social difficulties with the peer group emerge, and become more impairing during adolescence. During mid-adolescence many Turner syndrome girls lose confidence, and that can be exacerbated by adverse peer reactions, leading to their becoming socially withdrawn [5] . For many girls, this is a coping strategy [27] .
Indicators of social competence in Turner syndrome have typically been provided by report (usually from parental enquiry). The quality of social interactions has rarely been examined by means of behavioural observations. In order to map out more precisely the characteristics of Turner syndromerelated social behaviour through the lifespan, observational studies would be of potential value. Novel sociometric techniques that map social-group networks could be employed to identify the developmental course taken by affected girls of school age [28] .
Self-reports of social competence have proved to be difficult to interpret; the results often appear contradictory. For example, young women with Turner syndrome score similarly to their sisters on a self-reported social skills questionnaire. Yet, they recount experiencing more social difficulties than their sisters in qualitative interviews [29 && ]. In general, self-reports from girls with Turner syndrome do not match parental descriptions either. We suggest these discrepancies shed light on the nature of the social deficit. Young women with Turner syndrome are able correctly to identify appropriate social behaviours in order to obtain good scores on a questionnaire [29 && ], which indicates they have acquired good social knowledge. This tendency to minimize their social difficulties when self-reporting, gives a mistaken impression of real-world competence [30] . Other young people with poor social competence [such as girls with autism spectrum disorders (ASD)], also report 'desirable' as opposed to their 'actual' social performance [31] .
These findings indicate there could be a social desirability response bias, but objective evidence is lacking. Currently, we do not know whether the inaccurate self-reports imply that girls with Turner syndrome have poor self-insight into their own social abilities or whether they reflect an inappropriate degree of social satisfaction [29 && ]. To date, there is little qualitative research, so we need to explore more closely the social experiences of women with Turner syndrome and how these change over time. Successful compensatory strategies could be incorporated into educational programmes to assist those with persistent and troubling difficulties.
FRIENDSHIPS AND RELATIONSHIPS
When asked about their social relationships in adulthood, most (70%) women with Turner syndrome say they had a best friend in childhood. A
KEY POINTS
Turner syndrome is associated with a range of socialcognitive processing problems, which co-exist with executive function deficits. These cognitive abnormalities, together with complex range of physical differences, may predispose to social interaction difficulties.
Social interaction challenges typically begin adversely to affect quality of life during early adolescence and persist across the lifespan; they are often associated with social isolation. Romantic relationships are infrequent, relative to typical women, and they begin in later life than usual.
Few qualitative studies of subjective social interaction experiences have been conducted. At present, we do not know the extent to which affected women (especially those in adolescence) are aware of their social differences and the extent to which they regard them as problematic. similar proportion (78%) claim to have a close friend other than a family member in adulthood [32] . Nevertheless, more adults with Turner syndrome feel socially isolated than population norms [32, 33] . Women with Turner syndrome are less likely to have a partner in adulthood than typical females of similar age. Those who have formed stable relationships did so at a later age than average [34] [35] [36] [37] . They are less likely than typical adults to be married [34, 36, 38, 39] , although that proportion varies substantially by country of birth (Scandinavia 16%, Poland 25%, USA 32%) [32, 40, 41] . There is little information available about the long-term stability of marital relationships, but one study of young Turner syndrome women found 15% were divorced [41] .
In general, the first sexual relationship occurs later than average (based on the relevant social norms) and there is less sexual activity than typical women of similar age [35] [36] [37] [38] . Objective evidence exists of sexual dysfunction, related in part to hormonal anomalies that are an inherent aspect of the syndrome. On the other hand, women with Turner syndrome are usually satisfied with their sex lives and with their intimate relationships [37] . Infertility may have an impact on how women with Turner syndrome interact with their partners. Some women fear rejection after disclosing details of their condition [41] . There is little known about sexual orientation in Turner syndrome, although there is some evidence that it is usually heteronormative [42] . However, in view of recent societal changes in sexual attitudes [43] , this issue merits re-examination.
BIOLOGICAL CORRELATES OF SOCIAL SKILL DIFFICULTIES
Early psychological research on wellbeing focused on how the somatic characteristics of the syndrome affected self-image and how others perceived Turner syndrome. There was a widespread view that the associated short stature, and failure to develop secondary sexual characteristics, were largely responsible for the impact of the syndrome on social adjustment and social skills [7] . Consequently, hormone therapy (growth hormone and oestrogen) was prescribed with a view to improving self-esteem and quality of life. Short stature is nowadays recognized as just one issue contributing to social adjustment difficulties, many of which are because of fundamental impairments in social cognition [44] .
PHYSICAL DIFFERENCES
Girls with Turner syndrome do not usually go into spontaneous puberty, because of the associated oestrogen deficiency. The current approach to endocrinological therapy aims to not only maximize final stature but also to induce an age-appropriate onset of puberty. Both delayed puberty (with the risk of associated risk of teasing and social rejection) and excessive short stature have been linked to later social interaction difficulties [30, 41] , so to manage hormone replacement optimally requires delicate clinical judgement.
In later life, premature sensorineural hearing loss, which affects a large minority of women with Turner syndrome, contributes to impaired social function [45] [46] [47] . Recurrent otitis media in childhood, which affects up to 60%, can also lead to hearing loss because of chronic cochlear damage. Regular hearing checks are indicated in this condition, starting in childhood and continuing throughout the lifespan.
COGNITIVE DIFFERENCES
Most females with Turner syndrome do not have impaired intellectual abilities, but there is an imbalance in their verbal and nonverbal domain skills. Verbal intelligence is usually within the normal range, but visuospatial and visuomotor skills are about half a standard deviation lower [6, 48] . Poor executive function skills are common, and are associated with impaired attention, working memory, cognitive flexibility, processing speed and abstract reasoning [49] [50] [51] .
Social cognition in Turner syndrome is affected, leading to poor face recognition, emotion recognition, direction of eye gaze and theory of mind [45, [51] [52] [53] . There are associated configural processing difficulties [54] [55] [56] . Facial emotion recognition is impaired, especially for fearful and angry faces [51, 54, 55, 57, 58] , but also for 'shy', 'hostile' and 'anxious' faces [59] . When asked to focus their attention on facial features, eye-tracking experiments show that affected females tend to look mainly at the mouth, and so fail to pick up cues given by the eye regions during these tasks [54] .
These differences in emotion recognition cannot be explained adequately by the associated deficits in visuospatial processing, global face recognition, performance intelligence quotient (IQ) or karyotype [45, 55, 60] . They reflect fundamental problems in the processing of social perceptions that are because of the genomic consequences of Xmonosomy [13] .
When asked to determine subtle distinctions in the direction in which someone else is looking, adult women with Turner syndrome are less accurate than controls [61] , possibly because they pay insufficient attention to the eye region. Difficulties are also found in their ability to infer other people's feelings and intentions from their nonverbal behaviour; this deficit in 'theory of mind' can be observed in the 'Mind in the Eyes' task [62 & ]. The lack of oestrogen and growth hormone in early life could contribute to impaired sociocognitive skills in later life, possibly because it occurred during a critical period of brain development. Hormone replacement therapy in later childhood fails to improve psychosocial performance or cognitive function but may have come too late to rectify it [27, 45, 53, 63, 64] .
Many features of the sociocognitive profile of Turner syndrome are reminiscent of difficulties experienced by people with an autism spectrum disorder (ASD). Turner syndrome is associated with an increased risk of traits similar to those observed in females with high-functioning idiopathic autistic disorders [4 && ]. Few studies investigating psychopathology have included standardized assessments of neurodevelopmental functioning, hence the clinical significance of these traits is not known for sure. Many young women with Turner syndrome score retain high levels of social motivation, despite marked autistic characteristics in other respects [60,62 & ].
GENETICS
There is no evidence that specific Turner syndromerelated chromosomal variants (e.g. structural variants, degree of mosaicism, monosomy) are associated with better or worse psychosocial dysfunction [65] , unless there is associated severe intellectual disability, which is rare with the exception of ring chromosomes [66] .
Most women with Turner syndrome inherit their single intact X-chromosome from their mother. A controversial theory proposes the impact of genomic imprinting on key X-linked genes, which would silence some critical genes on the maternally derived X-chromosome in normal males and females. According to this theory, the paternal X-chromosome possesses equivalent genes that are not imprinted (i.e. are not silenced) and those genes have functions that protect females from expressing autistic traits. Remember that normally a paternally derived X-chromosome is always passed only to daughters. As normal males invariably inherit their single X from their mothers, they inherit the silenced imprinted genes. Therefore, they are more predisposed than typical females (who possess X-chromosomes from both parents) to manifest an autistic phenotype, if subject to other (polygenic) risk factors.
The theory predicts that monosomic Turner syndrome women who have inherited a single X from their father will in general be less socially impaired than those monosomic Turner syndrome women who have inherited their single intact X chromosome from their mother [9] . This theory was supported by behavioural evidence when first published in the 1990s but attempts to replicate the initial findings have not been successful to date. Furthermore, the genetic mechanism involved has not yet been identified.
INTERVENTION
Only a handful of psychological interventions aiming to improve cognitive functioning in Turner syndrome have been attempted [67] [68] [69] , and few have focused explicitly on enhancing social skills. Interventions have neither used evidence-based programmes, nor been manualized. No randomized controlled trials have been conducted. These deficiencies must be rectified, and treatment programmes used to remedy social skills in ASD have been recommended. The latest Turner syndrome treatment guidelines [4 && ] explicitly mention the need to pilot PEERS [70] , which is a group-based social skill training programme for adolescents and young adults with ASD. The success of such programmes will depend upon a better understanding of the degree to which Turner syndrome females have good social knowledge, and the precise causes of their deficits in social performance in terms of individual cognitive strengths and weaknesses.
CONCLUSION
Turner syndrome is associated with a range of social-cognitive processing problems, which coexist with executive function deficits and a complex range of physical differences, which may predispose them to social interaction difficulties. Disentangling the contributions of mental, physical and environmentally engendered processes to social adjustment will be critical in order to formulate better targeted interventions. It is encouraging to find that social motivation is preserved in Turner syndrome, but we do not know the extent to which those affected are aware of their social differences and the extent to which they regard them as problematic. Future research will need to take a more holistic approach in order to fully understand the social challenges experienced by affected women.
